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Opa b s t r a c t
Objective: To develop and evaluate Diabetes Web-Centric Information and Support Environment
(D-WISE) that offers 1) a computerized decision-support system to assist physicians to A) use the
Canadian Diabetes Association clinical practice guidelines (CDA CPGs) to recommend evidence-informed
interventions; B) offer a computerized readiness assessment strategy to help physicians administer
behaviour-change strategies to help patients adhere to disease self-management programs; and 2) a
patient-speciﬁc diabetes self-management application, accessible through smart mobile devices, that
offers behaviour-change interventions to engage patients in self-management.
Methods: The above-mentioned objectives were pursued through a knowledge management approach
that involved 1) Translation of paper-based CDA CPGs and behaviour-change models as computerized
decision-support tools that will assist physicians to offer evidence-informed and personalized diabetes
management and behaviour-change strategies; 2) Engagement of patients in their diabetes care by
generating a diabetes self-management program that takes into account their preferences, challenges
and needs; 3) Empowering patients to self-manage their condition by providing them with personalized
educational and motivational messages through a mobile self-management application. The theoretical
foundation of our research is grounded in behaviour-change models and healthcare knowledge
management.
We used 1) knowledge modelling to computerize the paper-based CDA CPGs and behaviour-change
models, in particular, the behaviour-change strategy elements of A) readiness-to-change assessments;
B) motivation-enhancement interventions categorized along the lines of patients’ being ready, ambiva-
lent or not ready; and C) self-efﬁcacy enhancement. The CDA CPGs and the behaviour-change models are
modelled and computerized in terms of A) a diabetes management ontology that serves as the knowl-
edge resource for all the services offered by D-WISE; B) decision support services that use logic-based
reasoning algorithms to utilize the knowledge encoded within the diabetes management ontology to
assist physicians by recommending patient-speciﬁc diabetes-management interventions and behaviour-
change strategies; C) a mobile diabetes self-management application to engage and educate diabetes
patients to self-manage their condition in a home-based setting while working in concert with their
family physicians.
Results: We have been successful in creating and conducting a usability assessment of the physician
decision support tool. These results will be published once the patient self- management application has
been evaluated.
Conclusions: D-WISE will be evaluated through pilot studies measuring 1) the usability of the e-Health
interventions; and 2) the impact of the interventions on patients’ behaviour changes and diabetes control.
 2014 Canadian Diabetes Association Open access under CC BY-NC-ND license., MBBS, MSc, Medical Infor-
ulty of Medicine, Dalhousie
alifax, Nova Scotia B3H 4R2,
en access under CC BY-NC-ND license.
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Objectif : Développer et évaluer le D-WISE (Diabetes Web-Centric Information and Support Environment)
de manière à offrir : 1) un système informatisé d’aide à la décision qui contribuera à ce que les médecins :
A) utilisent les lignes directrices de pratique clinique de l’Association canadienne du diabète (LDPC-ACD)
en vue de proposer des interventions fondées sur des données probantes, B) offrent une stratégie
d’évaluation informatisée de la réceptivité au changement les aidant à gérer les stratégies de change-
ment du comportement dans le but d’encourager les patients à s’inscrire aux programmes de prise en
charge autonome de la maladie; 2) une application personnalisée pour la prise en charge autonome du
diabète qui sera ccessible à partir d’appareils mobiles intelligents et qui proposera des interventions
visant à favoriser les changements du comportement dans le but d’encourager les patients à se prendre
en charge de manière autonome.
Méthodes : Les objectifs mentionnés ci-dessus ont été assurés par une approche de prise en charge des
connaissances qui faisait appel : 1) à la traduction des LDPC-ACD en format papier et aux modèles de
changement du comportement comme les outils informatiques d’aide à la décision qui aideront les
médecins à offrir une prise en charge du diabète personnalisée et fondée sur des données probantes, et
des stratégies visant à favoriser les changements de comportement; 2) à la participation des patients à
leurs soins de diabète en générant un programme de prise en charge autonome du diabète qui tient
compte de leurs préférences, leurs difﬁcultés et leurs besoins; 3) à l’habileté des patients à prendre en
charge de manière autonome leur affection en leur offrant des messages personnalisés éducatifs et
motivants à partir d’une application mobile sur la prise en charge autonome. Les fondements théoriques
de notre recherche reposent sur les modèles de changement du comportement et de gestion des con-
naissances en matière de soins de santé.
Nous avons utilisé : 1) la modélisation des connaissances pour informatiser les LDPC-ACD et les modèles
de changement du comportement, en particulier, les éléments de stratégie de changement du com-
portement : A) les évaluations de la réceptivité au changement; B) les interventions d’amélioration de la
motivation catégorisées selon l’ambivalence ou la non réceptivité des patients au changement; C)
l’amélioration de l’auto-efﬁcacité. Les LDPC-ACD et les modèles de changement du comportement sont
modélisés et informatisés quant : A) à l’ontologie pour la prise en charge du diabète qui sert de ressource
d’information pour tous les services offerts par le D-WISE; B) aux services d’aide à la décision qui uti-
lisent les algorithmes sur le raisonnement logique pour exploiter les connaissances encodées dans
l’ontologie pour la prise en charge du diabète aﬁn d’aider les médecins en proposant des interventions
personnalisées sur la prise en charge du diabète et des stratégies de changement du comportement; C) à
une application mobile sur la prise en charge autonome du diabète pour encourager et éduquer les
patients diabétiques à prendre en charge de manière autonome la maladie dans le cadre de leur domicile
tout en collaborant avec leur médecin de famille.
Résultats : Nous avons réussi à créer et la réalisation d’une évaluation de la convivialité de l’outil d’aide à
la décision du médecin. Ces résultats seront publiés une fois l’application d’auto-gestion des patients a
été évaluée.
Conclusions : Le D-WISE sera évalué par des études pilotes mesurant : 1) la convivialité des interventions
en télésanté; 2) l’effet des interventions sur les changements de comportement des patients et la
maîtrise de leur diabète.
 2014 Canadian Diabetes Association Open access under CC BY-NC-ND license.Introduction motivation is low (e.g. stages of change (8,9), theory of plannedThe World Health Organization considers type 2 diabetes a
global epidemic in which the prevalence in 2010 of 285 million
people is expected to grow to 438 million by 2030 (1). More than
3 million Canadians live with diabetes and are at serious risk for
morbidity, complications and mortality. According to the Canadian
Diabetes Association (CDA), the personal costs of diabetes medi-
cations and supplies is $1000 to $15,000 per year, and diabetes-
related healthcare costs are estimated to grow to almost
$17 billion by 2020 (2). Although the pathophysiology of diabetes is
well understood and is supported by effective interventions,
effective diabetes self-management rests largely on the behaviour
of the individuals (3,4). Optimal diabetes control requires ongoing
adherence to medication and medical care, self-monitoring of
blood glucose, achieving a healthful weight, eating healthily, not
smoking, drinking moderately, being physically active and man-
aging stress. The goal of the diabetes self-management intervention
is to support the individual inmaking all of the behavioural changes
required to achieve optimal diabetes control. Behavioural science is
now being integrated into diabetes self-management interventions
(5e7) to better educate and engage individuals in self-management
of the condition. It involves theory-driven, evidence-based
approaches a) to increase motivation to change when suchbehaviour (10), social cognitive theory (11,12)), and b) motiva-
tional interviewing (2,13) to support effective behaviour-change
when motivation is present (14); and c) to address emotional
and relational barriers to change when they arise (15,16). These
approaches have been developed and applied to chronic-disease
management in general and to diabetes control in particular.
Our group, through the Behaviour Change Institute (BCI), has
developed specialized behaviour-change training modules that
both train and empower primary care providers, certiﬁed dia-
betes educators (CDEs) and patients living with diabetes to use
behaviour-change methods to achieve clinical outcomes more
effectively. Despite the availability of specialized behaviour-
change interventions and evidence-based CDA clinical practice
guidelines (CPGs) (17) on diabetes management, the challenge is
to translate these knowledge resources at the point of care such
that family physicians (FPs) and CDEs can use them to offer
evidence-informed behaviour-change support and diabetes man-
agement to individuals with diabetes. Given that there are too
few training opportunities and signiﬁcant barriers to the uptake
of intensive competency-based training programs, it is prudent to
leverage technology-enabled mechanisms to deliver CDA CPGs-
informed diabetes care and behaviour-change interventions to
support FPs and CDEs in managing diabetes.
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Diabetes is managed by FPs in primary care settings and in
diabetes management centres (DMCs) using health providers
qualiﬁed by the CDA as CDEs. Although DMCs exist across the
country, approximately 70% of individuals living with diabetes do
not attend a DMC due to access limitations; rather, they may
receive care from FPs (4,15). A number of Canadian (15,16,18) and
international studies (19,20) have found suboptimal management
of type 2 diabetes in primary care settings, including suboptimal
glycemic control (18,19,21) and failure to achieve CPGs-
recommended targets for blood pressure and LDL cholesterol in
patients with type 2 diabetes (18e20). These studies suggest that
FPs’ knowledge of glycemic control does not necessarily translate
into action. The CDA CPGs recommend that an individual with
diabetesmanage the diseasewith the help of an integrated diabetes
health team, employing a self-management model that blends
knowledge and skills development with cognitive behavioural
interventions. Furthermore, individuals with diabetes (and their
families) should be screened regularly for symptoms of psycho-
logical distress, and preventive interventions, such as participative
decision making, feedback and psychological support, should be
incorporated into diabetes self-management interventions. The
state of affairs is that the recommendations proposed by the CDA
are not being implemented in the diabetes care process currently
because of 1) lack of access to psychosocial resources within dia-
betes medical servicesdFP and CDE are not well equipped to
manage behaviour change in individuals with low motivation or
psychosocial barriers to change; and 2) lack of incorporation of the
CPGs in the care process at the family-practice level.
Given the above-mentioned challenges pertaining to the lack of
care providers’ access to standardized behaviour-change strategies
and the CDA CPGs for diabetes control and, furthermore, the lack of
self-management and support for behaviour change by patients,
we propose an e-Health solution to improve diabetes management
at the DMC, primary care and patient levels. This project aims to
leverage e-Health technologies to develop the Diabetes Web-
Centric Information and Support Environment (D-WISE) that fea-
tures the following functionalities: 1) assessment of physicians’
readiness to administer validated behaviour-change interventions
when treating patients with diabetes; 2) educational support to FPs
to help them offer behaviour-change interventions to patients with
diabetes; 3) access to evidence-based material, such as the CDA
CPGs; 4) development of personalized patient self-management
programs to help diabetic patients achieve healthful behaviours
so they can meet CDA targets for managing type 2 diabetes; 5)
educational support for patients to help them in achieving behav-
iour change; 6) monitoring patients’ progress in adhering to their
behaviour-change programs and motivating them to be in
compliance with their programs. D-WISE offers these functions
through an interactive web-based interface to physicians, whereas
the patients’ self-management programs and associated behaviour
interventions are delivered through smart mobile devices (phones
and tablets). A systematic review (21) of 42 controlled trials of
mobile technology interventions to improve healthcare delivery
processes indicated that some of these interventions are modestly
effective. The review highlighted the need for more evaluations of
such interventions.
Research Approach
The research pursued in the D-WISE project is 2-fold: 1) to
leverage theory-driven evidence-based behaviour-change models
to enhance individuals’ self-efﬁcacy in pursuing behaviour-change;
and 2) to computerize and translate paper-based CPGs (in this case
CDA’s CPGs) as a point-of-care decision-support system sophysicians could discharge evidence-based care. The theoretical
foundation of our research is grounded in the chronic care model
(22), behaviour-change models (the knowledge content) (23,24)
and healthcare knowledge management (the knowledge trans-
lation method).
We suggest that health education and support for chronic
disease self-management should not focus solely on changing
patients’ awareness of the disease; rather, they should focus on
empowering patients to make the right choices for achieving
effective disease management. In this regard, our research
approach was to incorporate validated behaviour-change theories,
in our case social cognition theory (25), so as to address individuals’
self-efﬁcacy expectations and perceived capabilities of learning and
performing self-care actions (25). Self-efﬁcacy attainment has been
shown to inﬂuence individuals’ motivations, accomplishments,
self-regulation, and efforts to perform self-care actions (25). We
note that patient education programs grounded in self-efﬁcacy
theory have been shown to enhance patients’ adherence to self-
care behaviour that has in turn been shown to improve clinical
outcomes (26e29). Based on the principles of social cognition
theory, our approach was to develop a specialized behaviour-
change strategy that ﬁrst assesses the physicians’ and patients’
readiness to undertake behaviour-change interventions and then,
in response to the physicians’ and patients’ readiness levels, stip-
ulate a personalized behaviour-change program.
To computerize the CDA CPGs and the behaviour-change strat-
egy, we have taken a healthcare-knowledgemanagement approach
whereby we have developed semantically rich knowledge models
that encapsulated the underlying knowledge resources. We have
pursued ontology-based knowledge modelling to develop a
knowledge model that represents diabetes-management concepts
and their relationships, constraints and rules. Ontology offers a
semantically rich, unambiguous and executable representation of
heterogeneous healthcare knowledge sources by establishing
semantic relationships among knowledge elements. The knowl-
edge represented within an ontology can be executed, using simple
if-then-else rules, to derive decision support around care actions
and recommendations in line with speciﬁc patients’ proﬁles
(30e32). Ontologies have been used extensively to capture and
represent medical knowledge because they allow human experts to
validate the knowledge readily and intelligent computer systems to
process the knowledge to derive knowledge-driven recommenda-
tions. We are using OWL (Web Ontology Language), which is a
computational logic-based language to develop our ontological
model.
An innovative aspect of our research approach is the modelling
of the knowledge and workings of the BCI in terms of an ontology-
based knowledge model, thus enabling the translation of this
specialized knowledge to nonspecialists. In this regard, the D-WISE
project is developing an integrated knowledge model that will
entail sections of the CDA CPGs pertaining to the management of
glycemic control and elements of BCI’s behaviour-change strategy,
including assessments of readiness to change; motivation-
enhancement interventions categorized along the lines of
patients’ being ready, ambivalent or not ready; and self-efﬁcacy
attainment and self-management.Research objectives
The broad objective of this research program is to develop an
innovative diabetes web-centric information and support envi-
ronment (D-WISE) using state-of-the-art e-Health technologies in
order to:
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that will coach them on how to apply standardized behaviour-
change strategies and evidence-based clinical guidelines
2. Empower patients with the skills and knowledge to self-
manage and monitor their diabetes through planned, person-
alized and pervasive chronic disease self-management and
behaviour-change strategies delivered via smart mobile
devices according to the behaviour changes (23).Proposed Research Methodology
Our proposed research methodology comprises the following
stages:
1. Knowledge modelling to formalize and computerize the CDA
diabetes CPGs, behaviour-change models and behaviour-change
strategies practiced by the BCI in terms of ontology-based
knowledge models that will serve as the knowledge base for
D-WISE
2. Development of a web-centric clinical decision support system
for care providers, based on the knowledge models, to help
them learn and apply behaviour-change strategies and devel-
opment of a mobile self-management application (app) to
empower and motivate patients with diabetes to self-manage
their condition (Fig. 1)
3. Evaluation of D-WISE through pilot studies assessing the
usability of the e-Health interventions and the impact on
patients’ behaviours and diabetes control.Patient
Blood Glucose 
monitoring
Diet
Lifestyle
Therapy
Social factors
Readiness 
Assessment
Patient data
Patient specific plans
Readiness 
data
Data Interpreting 
module
Figure 1. Proposed architecture of Diabetes Web-Centric Information and SFrom an e-Health research perspective, we plan to pursue the
following research components.Knowledge modelling to formulate a personalized behaviour-change
strategy
For this project, we propose to pursue healthcare ontology-
based knowledge modelling to model formally and computerize
the CDA CPGs, behaviour-change models and associated behaviour-
change strategies practiced by the BCI. The key research task is to
build on the available knowledge resources to develop a behaviour-
change strategy that will assess physicians’ readiness to administer
behaviour change to patients concerning the self-management of
their diabetes andwill guide physicians to prescribe and administer
patient-speciﬁc behaviour-change interventions in a shared
decision-making setting that aims to help patients achieve CPGs-
based diabetes self-management targets. As a ﬁrst step, a
high-level behaviour-change algorithm is to be developed that
highlights the key steps and the sequence in which they are to be
administered as well as assessment tools for establishing decisional
balance, range of physician inputs and the system responses, cor-
responding educational materials, and so on. As the next step, the
behaviour-change algorithm is to be computerized in terms of the
ontology-based knowledge model. We have extensive experience
in ontology-based health knowledge modelling, and our past
research has yielded a number of healthcare ontologies for cardiac
diseases (33), breast cancer (34), prostate cancer (35), nursing (36),
spinal injury and obesity. The behaviour-change algorithm will be
represented using 2 distinct ontologies as follows: 1) diabetes CPGsPhysician
Plan generation 
module
Personalization 
module
Plans
Personalization
Rules
Patient specific plans
upport Environment (DWISE) clinical decision support system (CDSS).
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diabetes-management knowledge; 2) behaviour model ontology to
computerize the behaviour-change models and the speciﬁc stra-
tegies used by the BCI, which will encapsulate the behaviour-
change knowledge and expertise present in the research team.
Our approach is to model the diabetes-management and
behaviour-change knowledge as 2 separate ontologies so that the
knowledge models are scalable and reusable across multiple
applications. During operation we will integrate these 2 distinct
knowledge sources according to the behaviour-change algorithm.
The integrated knowledge model for behaviour change will be
evaluated for knowledge accuracy by experts and semantic accu-
racy to ensure logical consistency (37).
Clinical decision support system for family physicians and diabetes
educators
We plan to develop a web-enabled diabetes-management
decision-support system using the above-mentioned knowledge
model so as to assist providers in delivering evidence-based
disease-management recommendations and behaviour-change
strategies. In operation, the decision-support system care pro-
viders will use the web-based clinical decision support system
(CDSS) while engaging with their patients in a shared decision-
making setting to develop a personalized behaviour-change strat-
egy, akin to behaviour-change consultations performed at the BCI.
The research will involve the dynamic generation of patient-
speciﬁc disease management and behaviour-change strategies by
operationalizing the above-mentioned computerized behaviour-
change algorithm based on patients’ current disease and behav-
iour proﬁles.
We will leverage our existing research in semantic web tech-
nologies for integrating multiple ontologies (38) and exploit our
OWL-based reasoning methods (39) to infer a dynamically gener-
ated patient-speciﬁc behaviour-change strategy. The knowledge
management and behaviour-change expertise in the team will
manage the CDSS development.
Mobile self-management application for diabetes patients
This research project is targeting patient-centred e-Health so-
lutions for self-management of diabetes in a home-based setting.
For patients with diabetes, D-WISE will offer a diabetes messaging,
monitoring and management mobile app for patients to self-
manage their diabetes and achieve self-efﬁcacy in attaining
behaviour change (40) through their smartphones and tablets.
Based on the patients’ self-management and behaviour-change
goals, the mobile app will deliver to patients 1) self-efﬁcacy
attainment, behaviour-change (goal setting, behaviour shaping,
stimulus control and reinforcement management) strategies
(27,41); 2) context-aware motivational and behaviour-change
educational messages; 3) diaries for capturing vitals, diet, exer-
cise, stress and mood; 4) communication with care providers; and
5) proactive alerts and reminders. We recognize the existence of
mobile apps for diabetes; however, existing apps offer only patient-
data capture functions (42), whereas we propose an intelligent
diabetes app that uses behaviour models to offer personalized
diabetes management. The apps will be developed for the Android
platform with provisions for a future iOS-based apps. We will use
our experience in developing web-based personalized patient-
education programs (43) and mobile health apps, whereas the
health team members will guide the content and clinical usability
of the app. Data security and privacy regulations will be followed;
no patient data will reside on the app, and only encrypted patient
identiﬁcation and data will be communicated to and stored at a
secure backend server, which is a computer resource that has notbeen exposed to the Internet and thereforewill not directly interact
with the users. No personal identiﬁers will be stored on the server.
Evaluation
We plan a pilot study of the functional usability of D-WISE from
a care-provider perspective. We propose to use a cognitive and
usability engineering framework (44) to establish whether D-WISE
meets the functional goals, content suitability and comprehen-
siveness and usability needs of care providers. The study will
incorporate background and postinteraction questionnaires in
addition to think-aloud protocol methods (45) to record the users’
actual interactions with D-WISE. The qualitative think-aloud data
will be analyzed using the grounded theory method (46). Ethics
approval from the Dalhousie University Health Sciences Research
Ethics Board will be sought. For this study we plan to recruit 10 care
providers; the sample size is estimated based on the evidence that
70% of severe usability problems can be uncovered through the ﬁrst
5 users and up to 85% by the eighth user (44). The observations will
be used to improve D-WISE. We plan another pilot study to assess
the short-term impact of D-WISE on patient behaviour and asso-
ciated health parameters. We plan to recruit a sample of 25
individuals with type 2 diabetes from the Capital Health Diabetes
Programs with the aid of the knowledge user. The participants will
use the mobile app for 4 weeks, following a 2-week run-in period
that will serve as a comparison stage. We will collect the following
data: 1) frequency of app use; 2) frequency and timing of glucose
monitoring and glucose values (the frequency of glucose moni-
toring and average daily glucose levels will be compared with
pre-tool to post-tool use values; 3) self-reported adherence data
gathered using the Morisky Medication Adherence Scale (47) and
the Summary of Diabetes Self-Care Activities Scale (48); and 4) self-
reported diabetes distress based on the Diabetes Distress Scale (49)
and the Diabetes Empowerment Scale-Short Form (50). Partici-
pants will complete these self-report batteries at enrolment
(pre-post tool use), again at the end of the 2-week run-in period,
and again at the end of the 4-week evaluation period to allow for
comparisons.
Expected Contribution and Signiﬁcance
E-Health technologies have been used effectively for health
information collection, information utilization and sharing solu-
tions. E-Health apps can incorporate evidence-based healthcare
knowledge to provide evidence-informed decisions. The incorpo-
ration of evidence-based CPGs within computerized decision sup-
port systems is a major challenge because CPGs are not
documented in a manner that clearly articulates the clinical
decision-making process. The signiﬁcance of this research program
is that it will provide a unique e-Health solution to translate
complex healthcare knowledgedi.e. guidelines, clinical workﬂows,
behaviour models, educational content and long-term care
plansdin terms of easy-to-use, evidence-informed, point-of-care
decision aids for both care providers and patients. From a clinical
standpoint, the contribution of this project is the translation of
specialized behaviour-change knowledge to primary care providers
and diabetes educators, thus enabling them to offer behaviour-
change interventions to a larger population of diabetes patientsdat
present only one-third of Canadians with diabetes receive
diabetes educational programs. From the patients’ perspective,
the contribution is a self-management program that engages and
empowers them to manage their condition in home-based and
primary-care settings as opposed to specialist clinics. The unique
aspect of this research is the demonstration of the synthesis of
paper-based medical knowledge, behaviour-change models,
healthcare knowledge management methods, and mobile
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centred solutions that are customizable to speciﬁc care contexts
and users’ knowledge and interests. The project will contribute a
generic e-Health strategy and technology based on theoretical
models that can be applied to a range of medical conditions to
deliver intelligent and ubiquitous health educational and decision
aids.
Conclusions and Future Directions
This research program has long-term implications for the
management of chronic disease and the engagement of patients
leveraging state-of-the-art e-Health technologies. This project will
develop and demonstrate the potential of e-Health technologies for
diabetes self-management. The knowledge-modelling methods
and decision-support technologies being developed are both scal-
able and generic in nature, such that they can be applied readily to
computerize CPGs for other chronic diseases so as to develop low-
cost decision-support aids that can standardize the care of chronic
diseases and comorbidities at the level of primary care. In the long
term, we plan to extend the research to other chronic diseases
where we will account for different disease-speciﬁc contextual
factors. In the medium term, wewill augment the research scope to
incorporate other related metabolic conditions that are character-
ized by hyperglycemia such as prediabetes. In the next stage, we
plan to clinically evaluate D-WISE for its effectiveness and safety in
primary care settings, with the intent of disseminating it across the
province of Nova Scotia. Through D-WISE, we plan to strengthen
our linkages with public health, national and international agencies
responsible for the dissemination of diabetes education and self-
management strategies among diabetic patients. In a global
health setting, working with our collaborators in low- and middle-
income countries, we plan to adapt and introduce D-WISE as a
low-cost evidence-based intervention for patient-centred self-
management of chronic conditions.
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